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Fig. 1 Water level trajectory in tank by two regulation rules

with different kinds of control levels
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Fig.2 Flowchart of solution of optimal operation model in WDS
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Fig. 5 Pareto fronts of each optimal model
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Fig. 7 Comparison between pump time-table schedules under four selective solutions
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Fig. 8 Comparison between operating tank levels under four selective solutions
HARFEA P lir Rt 5 _Elir Rl S1 K R,
1 9 221l 75 DMA A 19 5 3% ik BEK M (B 452 3

BUEAE) o AEUT IS B S2 F1 S3 M, £ U7 FK

JEAE FLA iR W B AT, Fe KA (E NI 20 kPa,
TR TR T S1 T80 ST, Ho 2% siAS AR T .
TE LI 50k S4 F1 S5 A, 2 o 18 HL M v e s Bt

JKJE/Pa

WK FERE & T 7% a il b, fie i 25 (H AT 3K 100 kPa,
[ B 7K 28 PUS~10 S 43 i) [R] &b F G P AR A, 6 A
5% o thokIE T1 A sE P oK &1 80 T 5 3, 5
WE T /K38 T1 N KA 2B T BRI, 2Rk
ARG VIBAR L 2 AR PR it 22 A K SR

DMA-2-J9300 DMA-3-J9289
300 300 -
280 280 - L
e I I B
s A B
260  FEb— 4 260 RS IR
00:00 04:00 08:00 12:00 16:00 20:00 24:00 00:00 04:00 08:00 12:00 16:00 20:00 24:00
DMA-4-]9301 DMA-5-J9307
300 300 ///'\
200 200 [

i ]

00:00 04:00 08:00 12:00 16:00 20:00 24:00 00:00 04:00 08:00 12:00 16:00 20:00 24:00

i 1]

9 FHAEFARTETH DMA NOT mAKESTEE

Fig. 9 Comparison between nodal pressure at the inlet of each downstream DMA under four selective solutions
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Optimal operation of urban water distribution systems
using time-variable trigger levels

ZHANG Chao, LIU Haixing, ZHANG Rui, ZHOU Huicheng
( School of Infrastructure Engineering, Dalian University of Technology, Liaoning 116024, China )

Abstract: As integral components of China’s national water network project, water distribution systems play a
pivotal role in ensuring the safe utilization of water across various urban industries. However, the substantial energy
consumption associated with operating these systems poses a significant challenge, hindering both the efficient
utilization of water resources and the implementation of carbon reduction policies Consequently, there is an urgent
need to address this issue and pursue avenues for improvement. Optimal operation research has been identified as a
key strategy for promoting energy conservation in water distribution systems. Traditional strategies on optimal
operation in water distribution systems typically adopted time-table schedules by the fixed time step as explicit
decision-making for pumps. This strategy is easy-to-use, but it lacks of flexibility for pump switch when there are
storage infrastructures in water distribution systems. Another issue is that the fixed time step constrains the
attainment of maximal economic benefits through pump scheduling.

This paper introduced a novel strategy that integrates time-variable trigger levels in storage tanks as an implicit
decision-making rule for pump operation, with the aim of investigating potential energy-saving opportunities. More
specifically, distinct pairs of trigger levels in tanks were assigned to regulate corresponding pumps during different
electricity tariff periods. A multi-objective operational optimization model for water distribution systems was
established to minimize electricity costs while minimizing the redundancy level of water pressure. This model was
compared with two traditional strategies: time-table schedule and operation rules based on fixed trigger levels in
tanks. These three models were then evaluated in a network case involving multiple pumps and tanks, with the
objective of exploring the operational characteristics of joint pump and tank operations in water distribution
systems.

Results demonstrated that the strategy using time-variable trigger levels was capable of yielding superior Pareto-
optimal solutions across both objectives compared with the two other strategies. Maintaining equal redundancy level
of hydraulic pressure, this strategy facilitated the identification of greater economic benefits, resulting in a minimum
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